Prostaglandins play an important role in renal physiology. We have studied the prostaglandin synthetase system in 10 human newborn kidneys ranging from 22 to 40 weeks of gestation who succumbed within 40 hr postnatally. Slices of medulla and cortex were incubated within 2 hr of death in a medium containing 50 pg arachidonic acid and 50 pCi I3Hlarachidonic acid. The incorporation of I3H)AA into prostaglandin (PC)E and PCF was determined at 30-min intervals in medulla and cortex tissue and in the incubation media over 120 min and at 180 min, using silicic acid chromatography and scintillation counting. The study showed that biosynthesis of the primary prostaglandins occurs mainly in the renal medulla as early as 22 weeks of gestation, with the biosynthetic activity increasing concomitantly with advanced gestation. The ratio of PCE to PCF in the medulla and cortex was always greater than 1. The highest ratio was obtained in kidneys from neonates born before 28 weeks of gestation. Because prostaglandins are biosynthesized in the neonatal kidney, it is conceivable that hemodynamic and fluid and electrolyte homeostasis functions of prostaglandins may exist at this very early stage of development.
Summary
Prostaglandins play an important role in renal physiology. We have studied the prostaglandin synthetase system in 10 human newborn kidneys ranging from 22 to 40 weeks of gestation who succumbed within 40 hr postnatally. Slices of medulla and cortex were incubated within 2 hr of death in a medium containing 50 pg arachidonic acid and 50 pCi I3Hlarachidonic acid. The incorporation of I3H)AA into prostaglandin (PC)E and PCF was determined at 30-min intervals in medulla and cortex tissue and in the incubation media over 120 min and at 180 min, using silicic acid chromatography and scintillation counting. The study showed that biosynthesis of the primary prostaglandins occurs mainly in the renal medulla as early as 22 weeks of gestation, with the biosynthetic activity increasing concomitantly with advanced gestation. The ratio of PCE to PCF in the medulla and cortex was always greater than 1. The highest ratio was obtained in kidneys from neonates born before 28 weeks of gestation. Because prostaglandins are biosynthesized in the neonatal kidney, it is conceivable that hemodynamic and fluid and electrolyte homeostasis functions of prostaglandins may exist at this very early stage of development.
Speculation
Because prostaglandins are biosynthesized early in the development of the neonatal kidney, it is conceivable that hernodynamic and fluid and electrolyte homeostasis functions for prostaglandins might exist at this very early stage of development. Further information into the significance of these findings awaits measurement of age-dependent biologic activity profiles of prostaglandins and their metabolites and prostaglandin-metabolizing enzymes which influence the net production of renal prostaglandins.
The polyunsaturated fatty acid, arachidonic acid (AA), is the only defined substrate for prostaglandin synthesis in the human kidney (32, 40) . In tissues, AA is found in ester linkage at the position 2 of glycerol in phospholipids and in cholesteryl esters and triglycerides. In order for AA to become available for enzymatic conversion to prostaglandins by prostaglandin synthetase, it must be released by the appropriate acyl hydrolases (6, 17, 19, 43) . This reaction is believed to be the rate-limiting step in prostaglandin production in vivo (17, 19. 43) . lntrarenal prostaglandin synthesis involves the conversion of AA via a cyclicendoperoxide intermediate to prostaglandins E and F (12) . The role of prostaglandin A in kidney remains to be elucidated because it may be formed as a dehydration product of PGE (27) . Prostaglandin synthetase is a complex of enzymes which catalyzes the formation of prostaglandins in different cell types in the kidney (1. 14, 30). It was originally believed that renal prostaglandin synthesis occurred exclusively in the renal medulla and papilla (1, 5); however, recent experiments show that smaller amounts of prostaglandins are also produced in the renal cortex (18, 21, 38, 42) . The presence of prostaglandins in small amounts in the renal cortex may be related to their limited synthesis and/or to their active metabolism and degradation in this area (2, 22) .
Renal prostaglandins have been implicated in several physiological and pathophysiological processes including the regulation of blood pressure (24, 25) , renal blood flow (27) . salt and water homeostasis (46) . and modulation of the renin-angiotensin-aldosterone axis (7, l I, 23, 28, 39) .
Although biosynthesis of prostaglandins by the fetal kidney in various species has been reported (34.44) . it has been inadequately investigated in the human kidney during the early stages of development. We therefore determined the activity of the prostaglandin synthetase system in the human neonatal kidney at different ages of gestation.
MATERIALS AND METHODS (47)

PATIENTS
Clinical data for the study groups are shown in Table 1 . Prostaglandin biosynthesis was studied in 10 neonatal kidneys. Their gestational age ranged from 22 to 40 weeks as estimated according to the last menstrual period and physical examination (10) . Patients I and 2 were born following spontaneous abortion. Birth weights ranged from 400 to 3450 g. All infants were cared for in the Neonatal Intensive Care Unit at The Milton S. Hershey Medical Center and died within 2 days postnatally. There was no obvious clinical or histologic evidence of abnormal renal function. Neither mothers nor infants received any drug known to inhibit prostaglandin production.
METHODS
Kidneys were removed from the neonates within 60 min following death. The medulla and cortex were carefully dissected, sliced, weighed, and prepared for in vitro incubations. Slices were incubated in flasks containing I ml of medium 199 (48) per 10 mg tissue. One hundred pg of indomethacin (49) (dissolved in dimethyl sulfoxide) were added to incubated control tissues. The flasks were gassed with 95% O2:5% COz and shaken at 60 rpm in a Dubnoff metabolic incubator at 37°C. Fifty ml of the incubation medium contained 50 pg of arachidonic acid and 50 pCi of %-labeled arachidonic acid (New England Nuclear, Boston, MA) as previously described (4, 13) . The incorporation of ["Hlarachidonic acid into PGE, PGF. and PGA was determined at 30-min intervals in the medulla and cortical tissues and in the incubation medium up to 120 min and at 180 min. The enzymatic reaction was stopped by the immersion of the flask into an ice bath. The medium and tissue were separated by centrifugation at 4°C at 250 g. Five ml of the medium were mixed and vigorously shaken with 3 ml of ethyl acetate:isopropanol:O. 1 N HCI, 3:3: 1. The mixture was centrifuged. and the upper ethyl acetate layer was transferred to conical centrifuge tubes and stored under nitrogen at -20°C until arachidonic acid was camed out using silicic acid chromatography to separate the individual prostaglandins followed by liquid scintillation (9) . Because of the possibility that a proportion of the exogenous AA may be converted to prostaglandin-like compounds during the incubation and subsequent extraction and separation procedures in the absence of active enzyme in the incubation medium (3, 31) , the medium with AA was analyzed for prostaglandins and sewed as a blank. The final results are reported after subtraction of the blank from the counts obtained from the incubation of medulla and cortex tissues and medium. Figure I illustrates the biosynthesis of prostaglandins E and F in the medium of incubated renal medulla. Because of the suggestion that prostaglandin A may be an artifact resulting from dehydration of prostaglandin E during the extraction procedure (27) , the counts for prostaglandins E and A are combined and represented as E. It is apparent that the primary vrosta~landin E is synthesized bv incubated medulla slices of kidne$ obtained f r o k neonates dilivered as early as 22 weeks of gestation and that the primary prostaglandin F is synthesized as early as 26 weeks of gestation. The biosynthetic activity of the prostaglandins E and F increases proportionally with advancing gestation. The biosynthesis of prostaglandin E is always higher than that of prostaglandin F, and the ratio of the individual prostaglandins E to F is higher in the renal medulla medium obtained from infants born before 28 weeks of gestation. Maximal biosynthetic activity was obtained during incubation periods of 60 and 90 min. Figure 2 illustrates the biosynthesis of prostaglandins E and F in the medium of renal cortex. Although a similar pattern of prostaglandins E and F biosynthesis is found in the incubation medium of renal medulla and cortex, the levels obtained from the renal cortex are less than 50% of that of the renal medulla. The decreased values of PGE and P G F that were obtained at 120 and 180 min of renal medulla and cortex incubation could represent an increase in the production of PG metabolites. Biosynthesis of the primary prostaglandins E and F from the cortical and medullary tissues and from all the incubations containing indomethacin was less than 5% of the primary prostaglandins measured in the incubation medium of these tissues.
RESULTS
DISCUSSION
This study shows that in vitro biosynthesis of the primary prostaglandin E in the renal medulla and cortex occurs as early as 22 weeks of gestation and that the primary prostaglandin F is synthesized as early as 26 weeks of gestation. The term "prostaglandin synthetase" has been used to refer to a system that converts certain free polyunsaturated fatty acids, namely arachidonate in our study, to stable prostaglandin products, mainly PGE and PGF. The recovery of prostacyclin and its stable metabolite 6-keto-PGFlalpha from fetal tissues including kidney was previously documented (36) . It is conceivable that in the method used in our study, prostacyclin and/or 6-keto-PGFlalpha were eluted together with PGE (15). The synthetase system is a complex of enzymes which include a fatty acid cyclo-oxygenase step and subsequent isomerization and reduction steps. In an in vitro system like the one described above, the latter steps are rate limiting. In vivo, however, the availability of the substrate fatty acid is the rate-limiting step, and the release of arachidonic acid by phospholipase Az and other acyl hydrolases is the regulator of PG production (6. 17, 19,43) . Further differences between in vitro and in vivo studies reside in the fact that although our patients did not show any clinical or histologic evidence of renal involvement, periods of hypotension during life as well as during the time between the pronunciation of death and extraction of the kidney which may be designated as "warm ischemia time" leading to renal ischemia and ischemic kidney appear to release increased levels of prostaglandins (29) . The extraction of PGA and P G F from a whole kidney preparation of 10-and 16-weeks-old human fetuses (8) and the production of prostaglandins from fetal lambs and rat kidneys were previously reported (34, 44) .
This study demonstrates that the renal medulla is the main site for the synthesis of the primary PGE and P G F and that lower levels of prostaglandins were extracted from renal cortical tissues. Similar results were reported in human adult kidney by Spector et al. (38) , who found a steep gradient for PGE, PGF, and PGA with the papilla containing the heaviest concentration and the cortex the least. and in animals (I, 5, 18, 21, 38, 42). Jouvenaz et al. (16) found that the actual prostaglandin content of fresh tissue is low and merely reflects the capacity of the tissue to biosynthesize prostaglandins during the period between killing the organism and actually extracting the tissue. The absence of renal storage of prostaglandins bears upon the various reports of tissue content of these compounds (31, 37) . If the appropriate fatty acid substrate is available for the synthesis of prostaglandins such as in our study, then depending on the methods used to obtain and extract the tissue, the reposed content may be more a reflection of potential biosynthetic activity than of the absolute content. The common denominator in these stimuli which range from physiologic to the pathophysiologic appears to be related to some element of cellular damage or dysfunction. It has also been suggested that phospholipase A2, which may have a role in initiating prostaglandin synthesis, may participate in the alterations in cell membranes that occur as a result of many of the stimuli known to lead to prostaglandin release. The presence of prostaglandins in small amounts in the renal cortex compared with the renal medulla may The decrease in prostaglandin synthesis after 60 to 90 min of incubation may not result solely from substrate depletion. Prostaglandin synthetase activity has been reported to decline rapidly in both broken cells (35) and in crude enzyme preparations (45). Self-catalyzed inactivation of prostaglandin synthetase has also been suggested (20) . The inhibition of prostaglandin biosynthesis after the addition of indomethacin is not surprising because this drug is known to inhibit prostaglandin cyclooxygenase activity (4 1 ).
In our study, the ratio of prostaglandin E to prostaglandin F in the medium of renal medulla and cortex is always greater than I; the highest ratio was obtained in kidneys from neonates born before 28 weeks of gestation. Similar ratios of PGE and PGF were reported in fetal lambs (44) .
The finding of prostaglandin synthesis early in the development of the neonatal kidney is of interest because PGE and PGF are believed to be important mediators of blood pressure (24, 25) . the rate and distribution of renal blood flow (27), salt and water homeostasis (46), as modulators of the renin-angiotensin-aldosterone axis (7, 11, 23, 28, 39) , and as potentiators of adrenergic nerve activity (26.46). Inasmuch as prostaglandins are biosynt6e-sized in the neonatal kidney, it is conceivable that such hemodynamic and fluid and electr61yte homeostatis functions for pros&-glandins might exist at this very early stage of development. Further information into the significance of these findings awaits measurement of age-dependent biological activity profiles of prostaglandins and their metabolites and prostaglandin-metabolizing enzymes which influence the net production of renal prostaglandins.
